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EXTENSIBILITY APPLICATION 
PROGRAMMING INTERFACE AND 
FRAMEWORK FOR META-MODEL 

OBJECTS 

RELATED APPLICATION 

This application is a Continuation of Us. patent applica 
tion Ser. No. 10/666,977, ?led on Sep. 18, 2003, entitled 
EXTENSIBILITY APPLICATION PROGRAMMING 
INTERFACE AND FRAMEWORK FOR META-MODEL, 
the entire contents of Which are herein incorporated by refer 
ence. 

TECHNICAL FIELD 

The present invention relates generally to computer sys 
tems, and more particularly to a system and method that 
facilitates application development via a meta-model object 
and framework supporting meta-classes, meta-attributes, 
meta-relationships, rules and behavior. 

BACKGROUND OF THE INVENTION 

Modern operating systems are required to support many 
diverse applications having complex interrelationships With 
the system. Such applications include Word processors, 
spreadsheets, development tools, communications applica 
tions, graphical applications, and processing applications to 
name but a feW examples. One innovation for implementing 
such applications has been through employment of object 
oriented programming techniques. Object oriented program 
ming shifts the emphasis of softWare development aWay from 
function decomposition and toWards the recognition of units 
of softWare called “objects” Which encapsulate both data and 
functions. Object Oriented Programming (OOP) objects are 
softWare entities comprising data structures and operations 
on data. Together, these elements enable objects to model 
virtually any real-World entity in terms of its characteristics, 
represented by its data elements, and its behavior represented 
by its data manipulation functions. In this Way, objects can 
model concrete things like people and computers, and they 
can model abstract concepts like numbers or geometrical 
concepts. For example, an “object-oriented” computer scien 
tist Would be mostly concerned With an application under 
design, and secondarily With the tools used to develop 
itiWhereas a “non-object-oriented” scientist Would think 
primarily of his or her tools. 

The bene?t of object technology arises out of three basic 
principles: encapsulation, polymorphism and inheritance. 
Objects hide or encapsulate the internal structure of their data 
and the algorithms by Which their functions Work. Instead of 
exposing these implementation details, objects present inter 
faces that represent their abstractions cleanly With no extra 
neous information. Polymorphism takes encapsulation one 
step furtherithe idea being many shapes, one interface. A 
softWare component can make a request of another compo 
nent Without knoWing exactly What that component is. The 
component that receives the request interprets it and ?gures 
out according to its variables and data hoW to execute the 
request. The third principle is inheritance, Which alloWs 
developers to reuse pre-existing design and code. This capa 
bility alloWs developers to avoid creating softWare from 
scratch. Rather, through inheritance, developers derive sub 
classes that inherit behaviors Which the developer then cus 
tomiZes to meet particular needs. 
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2 
In particular, an object includes, and is characterized by, a 

set of data (e.g., image data) and a set of operations (e.g., 
methods), that can operate on the data. Generally, an object’ s 
data is ideally changed only through the operation of the 
obj ect’s methods. Methods in an object are invoked by pass 
ing a message to the object (e.g., message passing). The 
message speci?es a method name and an argument list. When 
the object receives the message, code associated With the 
named method is executed With the formal parameters of the 
method bound to the corresponding values in the argument 
list. Methods and message passing in OOP are analogous to 
procedures and procedure calls in procedure-oriented soft 
Ware environments. 

HoWever, While procedures operate to modify and return 
passed parameters, methods operate to modify the internal 
state of the associated objects (by modifying the data con 
tained therein). The combination of data and methods in 
objects is called encapsulation. Encapsulation provides for 
the state of an object to only be changed by Well-de?ned 
methods associated With the object. When the behavior of an 
object is con?ned to such Well-de?ned locations and inter 
faces, changes (e.g., code modi?cations) in the object Will 
have minimal impact on the other objects and elements in the 
system. 
Each object is an instance of some class. A class includes a 

set of data attributes plus a set of alloWable operations (e.g., 
methods) on the data attributes. As mentioned above, OOP 
supports inheritanceia class (called a subclass) may be 
derived from another class (called a base class, parent class, 
etc.), Where the subclass inherits the data attributes and meth 
ods of the base class. The subclass may specialiZe the base 
class by adding code Which overrides the data and/or methods 
of the base class, or Which adds neW data attributes and 
methods. Thus, inheritance represents a mechanism by Which 
abstractions are made increasingly concrete as subclasses are 
created for greater levels of specialiZation. 

Although object-oriented programming techniques are 
still Widely employed, neWer systems and applications have 
evolved. One such system includes a managed object system 
Whereby the operating system itself is involved in the deter 
mination and management of the lifetime of an object (e. g., 
automatically reclaiming an object from system memory via 
a garbage collector versus internal reference counting on the 
object). These systems also support different types of data 
such as meta-data, for example, that provide data and corre 
sponding descriptions for such data. When neWer applica 
tions are developed for these type data structures and systems 
hoWever, obj ect-oriented models are at a minimum are prob 
lematic. For example, such models may require application 
designers to maintain and manage operating system states 
and events in order to successfully implement an application. 
Thus, With traditional approaches, even simple changes to an 
application document or item can require very complex code 
to maintain internal document structure and to support corre 
sponding changes. 

SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary of the inven 
tion in order to provide a basic understanding of some aspects 
of the invention. This summary is not an extensive overvieW 
of the invention. It is not intended to identify key/critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts of the 
invention in a simpli?ed form as a prelude to the more 
detailed description that is presented later. 
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The present invention relates to systems and methods that 
facilitate application development by providing an Applica 
tion Programming Interface (API) and framework supporting 
meta-data manipulations and interactions. A meta-model 
object is provided that supports a higher-level abstraction for 
data classes operating in context of meta-data than is provided 
by conventional object models. This abstraction includes a 
description for the types of classes that may be involved 
during application development, deployment, and execution. 
These descriptions also enable developers to describe 
attributes, relationships, and respective constraints for meta 
data that simpli?es program development and operating sys 
tem interactions. 

In one aspect, the API is provided as an extensibility frame 
work that reduces the effort required to build and maintain 
applications (e.g., software modeling tools). Users of the API 
can create assemblies that contain annotated classes that 
derive from classes de?ned by the associated framework. The 
framework reads meta-data from respective component 
assemblies to determine at runtime the structure of an item 
such as a document, for example. Thus, users of the API may 
extend the structure of a base item or document with new 

meta-classes, meta-attributes, meta-relationships, integrity 
rules, and behavior, for example. Also, the API supports base 
level functionality such as undo/redo, transactions, and light 
weight events, thereby relieving developers from coding and 
managing such tasks. 
As noted above, the present invention de?nes and supports 

meta-model objects to facilitate e?icient application devel 
opment and mitigate complexities associated with operating 
system interactions. Such models can include meta-classes 
that are abstract entities that make up an item (e. g., relational 
table). These classes correspond in general to classes in an 
object model. Thus, meta-classes may inherit from other 
meta-classes. Other aspects of the model include meta-at 
tributes that are values associated with the meta-class (e.g., 
the name of a table) and generally correspond to the ?elds of 
a class. Meta-relationships, which are also part of the model, 
include descriptions of relationships that may exist between 
various model classes (e.g., associating a relational table col 
umn with a bounded default for the column). 

Another aspect of the present invention in conjunction with 
the API is to provide a set of basic services that are required to 
implement software design tools and editors for items such as 
documents having complex structure. Such items canbe man 
aged within components such as stores and sub-stores. These 
basic services support for example: 

Storing and managing document data 
Extending the store’s schema (meta-model) at runtime 
Traversing and querying the store’s schema 
Modifying the store’s document data in a reversible way 

through nested transactions 
Light-weight subscription to document change events 
Declarative and imperative rules to maintain document 

consistency and respond to document changes 
The API enables developers to manipulate complex docu 

ments in a straightforward and natural manner. In contrast 
with traditional approaches, even simple changes to a docu 
ment can require very complex code to maintain internal 
document structure and suitably handle undo/redo function 
ality, for example. A typical use of the API is to create a set of 
interrelated classes that inherit from base classes in a core 
meta-model. These classes are then able to leverage the base 
classes for services such as state management. Typically, 
class implementers wrap calls to a lower level API with prop 
erties and events that call lower level APIs. Thus, a broad 
range of high quality design tools for developers can be sup 
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4 
ported. The extensibility API signi?cantly reduces the cost of 
development and increases the quality of design tools that are 
constructed therewith. 

To the accomplishment of the foregoing and related ends, 
certain illustrative aspects of the invention are described 
herein in connection with the following description and the 
annexed drawings. These aspects are indicative of various 
ways in which the invention may be practiced, all of which are 
intended to be covered by the present invention. Other advan 
tages and novel features of the invention may become appar 
ent from the following detailed description of the invention 
when considered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of an application 
programming interface and framework for processing meta 
model objects in accordance with an aspect of the present 
invention. 

FIG. 2 is a diagram of a model store in accordance with an 
aspect of the present invention. 

FIG. 3 is a diagram illustrating additional system compo 
nents in accordance with an aspect of the present invention. 

FIG. 4 is a diagram illustrating a store model in accordance 
with an aspect of the present invention. 

FIG. 5 is a diagram illustrating a substore model in accor 
dance with an aspect of the present invention. 

FIG. 6 is a diagram illustrating a meta-data model in accor 
dance with an aspect of the present invention. 

FIG. 7 is a diagram illustrating a domain model in accor 
dance with an aspect of the present invention. 

FIG. 8 is a diagram illustrating an event model in accor 
dance with an aspect of the present invention. 

FIG. 9 is a diagram illustrating a transaction model in 
accordance with an aspect of the present invention. 

FIG. 10 is a diagram illustrating a model of element events 
in accordance with an aspect of the present invention. 

FIG. 11 is a ?ow diagram illustrating a meta-model process 
in accordance with an aspect of the present invention. 

FIG. 12 is a schematic block diagram illustrating a suitable 
operating environment in accordance with an aspect of the 
present invention. 

FIG. 13 is a schematic block diagram of a sample-comput 
ing environment with which the present invention can inter 
act. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a system and methodology 
providing an Application Programming Interface (API) and 
framework that supports a meta-model object for application 
design and operating system interactions. In one aspect of the 
present invention, an API is provided having an input com 
ponent that receives data and/ or instructions. The input com 
ponent processes a meta-data model that interrelates data via 
a class hierarchy, wherein the class hierarchy includes rela 
tionship descriptions between class objects, attributes, rules, 
and/or behavioral descriptions. Another aspect includes a 
data management system or engine that includes a component 
to receive an item having meta-data annotations. An analysis 
component determines at runtime a structure for the item via 
deployment of the meta-data annotations. The system can 
also include a framework component that de?nes meta-data 
class derivations, meta-data classes, meta-data integrity rules, 
and/or meta-data class behavior. 
As used in this application, the terms “component,” 

“framework,” “assembly,” “application, system,” and the 
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like are intended to refer to a computer-related entity, either 
hardware, a combination of hardware and software, software, 
or software in execution. For example, a component may be, 
but is not limited to being, a process running on a processor, 
a processor, an object, an executable, a thread of execution, a 
program, and/or a computer. By way of illustration, both an 
application running on a server and the server can be a com 

ponent. One or more components may reside within a process 
and/ or thread of execution and a component may be localiZed 
on one computer and/or distributed between two or more 

computers. 
Referring initially to FIG. 1, a system 100 illustrates an 

application programming interface and framework for pro 
cessing meta-model objects in accordance with an aspect of 
the present invention. The system 100 includes an Applica 
tion Programming Interface (API) 110 and associated ser 
vices that operate in conjunction with an operating system 
framework 120. The API 110 enables one or more applica 
tions 130 to utiliZe base functionality of the operating system 
framework 120 while mitigating management and design of 
complex code to interact with the system. For example, appli 
cations 130 often need to be aware of system level states and 
events that may impact operation of the applications. The API 
110 relieves the applications 130 from processing such states 
and events by providing functionality, services, and interfaces 
that can be called by the applications in lieu of designing and 
managing code for such services. In one speci?c example, 
applications 130 often need to undo and/or redo a previous 
action such as when a user attempts to undo a graphics or text 
action in a document (e.g., undo is often implemented as a 
control-Z action in the application). The API 110 enables the 
application 130 to call basic interfaces that support/process 
such actions without causing any given application to repli 
cate and manage code. As can be appreciated, a plurality of 
such functionality can be provided by the API 110 as will be 
described in more detail below. 

In general, the API provides an extension to the framework 
120 that reduces the effort required to build and maintain 
applications 130 such as software modeling tools, editor 
tools, design tools, graphics tools, word processors, and so 
forth. Users of the API 110 can create one or more assemblies 
140 that contain annotated classes that derive from classes 
de?ned by the associated framework 120. The framework 120 
reads meta-data from respective component assemblies 140 
to determine at runtime the structure of an item such as a 

document, for example. Consequently, users of the API 110 
may extend the structure of a base item or document with new 

meta-classes, meta-attributes, meta-relationships, integrity 
rules, and behavior, for example. Also, the API 110 supports 
base-level functionality such as undo/redo operations, basic 
?le operations, other transactions, and lightweight events, 
thereby relieving developers from coding and managing such 
tasks. 

The system 100 de?nes and supports meta-model objects 
to facilitate e?icient application development and mitigate 
complexities associated with operating system interactions. 
Such models can include meta-classes 150 that are abstract 
entities that make up an item such as a relational table or other 
item component. These classes correspond in general to 
classes in an object model. Thus, meta-classes 150 may 
inherit from other meta-classes and/ or from base functional 
ity provided by the framework 120. Other aspects of the 
model include meta-attributes 160 that are values associated 
with the meta-class 150 (e.g., the name of a table) and gen 
erally correspond to the ?elds of a class. Meta-relationships 
170, which are also part of the model, include descriptions of 
relationships that may exist between various model classes 
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6 
and are described in more detail below with other properties 
and behaviors illustrated at 180. 

Before proceeding, it is noted that the following discussion 
includes example code implementations. These implementa 
tions may employ such example coding aspects as utiliZing 
C# code or SQL statements. It is to be appreciated however, 
that the meta-model objects, framework, and associated API 
functionality can be applied to substantially any type of code 
mechanism (e.g., X#, Pearl, Ruby, Python, other dynamic 
languages, and so forth), component, and/or system that is 
operative with meta-data and/or managed operating systems. 
The following discussion describes various aspects of 

meta-model objects in accordance with the present invention. 
Meta-data is data describing the structure of classes and rela 
tionships between the classes. Meta-data can be logically 
decomposed into several types of meta-data including meta 
models (information about models, such as a Relational 
Model or a Process Model), meta-classes (information about 
classes), and meta-relationships (relationships between meta 
classes). While each type of meta-data generally has special 
iZed information content, some information content is shared 
between meta-data classes. Typically, all classes storing 
model meta-data need to be uniquely identi?ed. Globally 
Unique Identi?ers (GUIDs) are guaranteed to be globally 
unique, so they are a good choice for a unique identi?er. 
GUIDs are often dif?cult for humans to remember, asso 

ciate with a particular idea, or even type without error. 
Because of this, the system 100 can attach non-unique (not 
guaranteed-unique) textual labels to meta-data classes. These 
labels are sometimes referred to as “Names.” Meta-data 
classes’ identities can be exposed in a user interface (UI), 
especially in property pages, as the class of the model ele 
ments. Names are generally not appropriate here because they 
tend to be developer-centric and they are not localiZed. In lieu 
of the Name property, a localiZed friendly tag can be 
employed which is called a “Caption.” 
A meta-model is type of meta-data describing a model’s 

structure. Examples of models include a UML model and an 
SQL Server Schema model. The model’s structure is com 
posed of the meta-classes and meta-relationships of the 
model. Each meta-model can be associated with a partition of 
a database (e.g., SQL server database), which is called a 
schema. 
The meta-class 150 is a class encapsulating data employed 

to represent another class. For example, the meta-class for a 
relational database table class may have operations to 
describe the type of the table class, the column structure of the 
table, and so forth. The classes that meta-classes 150 describe 
may have inheritance relationships with other classes. 
Attributes of the meta-class 150 are contained in an ordered 
set of meta-attributes. As noted above, meta-classes 150 may 
have relationships with other meta-classes. For example, rela 
tional tables have a relationship with relational table columns, 
which may be named “TableColumn,” for example. 
The meta-attributes 160 are the attributes of the meta-class 

150. For example, the meta-attributes for a relational table 
column might include data-type, length, and default value, for 
example. Meta-classes 150 can be represented as a table in a 
Working Store (described below) and the meta-attributes 160 
associated with the meta-class are represented as the columns 
of that table. Meta-relationships 170 include various types of 
relationships between various model classes. For example, 
relational tables contain relational table columns, and rela 
tional table columns may be associated with a bound default. 
The descriptions of these relationships are contained in meta 
relationships 170. One example way to capture relationship 
data in a database is to use a join table, which allows various 
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cardinality combinations to be modeled uniformly. The meta 
classes that are participating in the relationship are said to 
play a role in the relationship. The information about these 
roles is called a meta-role. Each meta-relationship typically 
contains an ordered set of meta-roles. 

Meta-roles are data about the participation of meta-classes 
150 in a meta-relationship. Meta-roles have a reference to the 
meta-class playing the role. This is used to determine Which 
meta-class instances can be alloWed to participate in a par 
ticular meta-relationship instance. Meta-roles may be 
optional in a relationship. This information is used When 
validating a meta-class instanceia meta-class instance is 
generally invalid if it is required to participate in a relation 
ship With another meta-class instance, but no such instance is 
de?ned. Meta-class instances may be logically composed of 
other meta-class instances. For example, relational table 
instances may contain (be composed of) its columns. Meta 
roles have an associated cardinality, Which is the maximum 
number of meta-class instances that may play the role in a 
given meta-relationship instance. This cardinality may be 
“one” or “many.” This information is used to determine 
Whether a single meta-relationship instance reference or an 
array of meta-relationship instances is to store relationship 
instance data for a particular meta-class instance. 

Referring noW to FIG. 2, a model store 200 (also referred to 
as store) is illustrated in accordance With an aspect of the 
present invention. Model data is typically stored in a directed 
acyclic graph (DAG) structure. This alloWs for the existence 
of a Well-knoWn root from Which model data may be located 
by traversing the DAG. The top-level nodes in this DAG are 
called Stores 200. Stores contain data and meta-data for a 
particular application (e.g., Visual Studio Solution). More 
than one Store 200 may exist in the application at a time. Store 
objects are contained in a static array of Stores contained by 
the Store class. This alloWs the Store class to act as the 
“Well-known root” of the model data DAG. Associated With 
the Store 200 is optionally a database catalog, Which can be 
unambiguously speci?ed by indicating a server, catalog pair. 

Generally, Stores 200 can contain the folloWing objects: 
(1) A WorkingStoreProxy 210, Which is a proxy for a 

database catalog containing the Working Store used to 
implement models. 

(2) A collection of Substores 220, Which are the meta-data 
for a particular model. 

(3) A CacheManager 230 object for a Solution. A Cache 
Manager is an object that controls Which model data are 
cached in memory and Which need to be read in from the 
Working Store. 

(4) An ElementClassFactory 240, Which is used to create 
neW or instantiate existing elements. 

(5) A ModelEventCoordinator 250 object for a Solution. A 
ModelEventCoordinator alloWs for listeners to register 
for event noti?cations for store-Wide events, such as 
When an Element is created, or When an Attribute value 
is changed. 

(6) A TransactionManager 260 object for a Solution. A 
TransactionManager provides methods to create trans 
actions (including nested transactions) and to keep track 
of the transaction state of a Solution, such as transaction 
nesting level. 

(7) An UndoManager 270 object for a Solution. An 
UndoManager provides component to implement Undo 
and Redo actions. 

The folloWing discussion describes the store 200 and asso 
ciated components in more detail. Working Store Proxies 210 
encapsulate a physical database that contains a Working 
Store. When a Working Store Proxy connects to a Working 
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8 
Store instance, it should check to make sure that the versions 
of the schema in the Working Store match current versions. If 
the versions in the Working Store are more recent than those 
knoWn by the Proxy 21 0, an exception should be raised and no 
further interaction should be possible With the database. If the 
versions in the Working Store are out-of-date, the Proxy 
should create a neW database catalog and invoke methods on 
the Substores 220 to migrate the model data to the neW data 
base. After the migration, the Proxy 210 Will use the neW 
database as the Working Store for the model. 

Substores 220 contain meta-data for a particular meta 
model. When a database is loaded that contains a model, the 
system or frameWork generally checks the version status of 
the model. There are at least four possible results: current, 
updateable, transformable, and non-transformable. A current 
model is a database that contains a Working Store Where each 
schema in the database has the same version that the C# code 
(or other type) is designed to Work With. An updateable model 
is a model Where one or more schemas have a previous ver 

sion stamp, but there are no schema changes required; the 
schemas can be brought up-to-date by simply changing the 
version stamps. A transformable model is a model that con 
tains one or more schemas that have a previous version stamp 
and require a schema change to be brought up-to-date. A 
non-transformable model is a database that either contains a 
future version of a meta-model, or one that does not contain a 
meta-model at all. 

The models described above may be much larger than the 
physical memory. This necessitates the use of a database 
management system to hold Working data models. Informa 
tion stored in databases is dif?cult to manipulate directly, 
thus, a scheme can be adopted Where the database is hidden 
from the modeling classes, and load a subset of the model into 
memory for manipulation using code in a natural manner. The 
amount of model data that can be in memory at any time is 
generally limited to a speci?c siZe based on the siZe of physi 
cal memory, the siZe of code, the siZe of the system softWare 
and other factors. The Model Data Cache Manager 230 has 
the responsibility to determine Which data needs to be in 
memory at any given time and loading or unloading data to 
match those needs. 
The Element Class Factory 240 is responsible for manag 

ing the lifetimes of Elements. The Element Class Factory 240 
provides methods to create neW Elements, load existing Ele 
ments from the Working Store, and remove Elements from 
the Working Store. The ?rst category of functionality is cre 
ating neW Elements. NeW Elements can be created by speci 
fying the C# Type (class) of the Element or by specifying the 
meta-class for the neW Element. NeW Relationships can be 
created by specifying the C# Type or the meta-relationship to 
be instantiated, along With a list of role-players. When a neW 
Element is created, the Element Class Factory 240 inserts 
default data roWs into the appropriate tables in the Working 
store, creates an Attribute Bag for the Element (e.g., memory 
location that selectively exposes data members), creates the 
Element (passing the Attribute Bag to the constructor), and 
returns the neW Element to the caller. 
When a neW Relationship is created, the Element Class 

Factory 240 inserts data roWs into the appropriate relationship 
tables. The role-player data can be set in the Working Store at 
this time. The Element Class Factory 240 then creates a Role 
Bag or location for the Relationship, creates the Relationship 
(passing the Role Bag to the constructor), and returns the neW 
Relationship to the caller. 
The second category of functionality for the Element Class 

Factory 240 is loading existing Elements. A subset of Ele 
ments to load can be speci?ed: 
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(1) All Elements of a speci?ed C# Type. 
(2) All Elements of a speci?ed C# Type meeting a set of 

attribute criteria. 
(3) All Elements instantiating a speci?ed meta-class. 
(4) All Elements instantiating a speci?ed meta-class meet 

ing a set of attribute criteria. 
(5) All Elements With ID’s in a speci?ed set of ID’s. 
(6) All Relationships instantiating a speci?ed meta-rela 

tionship Where a speci?ed Element plays a particular 
role. (e.g., All SqlTableColumn relationships Where 
TableA plays the ParentTable role.) 

(7) All Elements playing a speci?ed role in a particular 
meta-relationship Where a speci?ed Element plays a 
different speci?ed role. (e.g., All Elements that are 
ChildColumns in a SqlTableColumn relationship With 
ParentTable TableA.) 

The Transaction Manager 260 is responsible for creating 
transaction objects and keeping track of open transactions 
and their transaction level. Creating a neW transaction When 
there is already an open transaction creates a neW nested 
transaction With the current most-nested transaction as the 
parent. Client code determines Whether the database connec 
tion has any open transactions and the current transaction 
depth. A depth of Zero indicates that there are no open trans 
actions. Client code Will likely need access to the current 
inner-most transaction, so the Transaction Manager 260 
should provide a Way to access it. 

Outermost transactions are used to track actions on the 
store for undo/redo purposes. Transactions that are outermost 
need to have ID’s and a localiZed string description (e.g., 
“delete class CSeamWelder”) useful for displaying in undo/ 
redo UI. As a convenience to client code, the Transaction 
Manager 260 provides a method to perform an arbitrary store 
operation in a transaction. The DoAsTransaction method cre 
ates a neW transaction With a name speci?ed by the caller, and 
then calls an input delegate. If the delegate throWs an excep 
tion, the exception is caught, the transaction rolled back, and 
the exception is re-throWn. 

The Undo Manager 270 is responsible for manipulating 
Undo/ Redo mechanisms in a Working Store. The Undo Man 
ager 270 provides methods to Undo the last action and Redo 
the last Undo. Multiple Redo’s are supported, so When an 
action is undone, and Undo is called, the previous action is 
undone, ad in?nitum. 

In addition it is often helpful to alloW user to undo multiple 
steps at once. The Undo Manager 270 provides a method to 
undo all actions back to a speci?ed transaction ID in a redo 
stack. Similarly, the Undo Manager 270 alloWs clients to redo 
undone actions up to a speci?ed transaction ID in the redo 
stack. An associated user interface (UI) can display a list of 
transactions to be undone or redone. The Undo manager 270 
can provide this functionality. It is conceivable that the undo 
or redo stack might need to be truncated at some point. The 
Undo Manager 270 provides methods to remove transaction 
ID’s from bottom of the undo or redo stack to a particular 
transaction ID (e.g., from the beginning to transaction 
21 199). 

Another aspect relating to the store 200 involves transac 
tions. A Transaction object encapsulates a store transaction. 
Transactions have an ID, Which is a GUID, a Name, and a 
Caption. A Name is a human readable string appropriate for 
use With the Undo Manager 270 and for debugging purposes. 
A Caption is a localiZed version of the Name. Transactions 
may be nested. Nested transactions are named in order that an 
SQL Server can distinguish betWeen nested transactions. The 
SQL Server transaction name Will not be seen by users, so the 
transaction name need not match the Transaction object 
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name. Client code determines Whether a particular Transac 
tion object is outermost or, if not outermost, its transaction 
depth. An outermost Transaction has a transaction depth of 
one. 

Transactions can be committed, Which makes the Work 
done in the transaction durable. In the presence of nested 
transactions, committing an outer transaction implicitly com 
mits inner transactions. When a nested transaction is commit 
ted, the SQL Server transaction name is speci?ed so SQL 
Server knoWs What the client code is trying to commit. When 
a nested Transaction is committed, its parent Transaction 
becomes the neW innermost transaction. The Transaction 
Manager 260 keeps track of the current innermost transac 
tion, so Transactions need to notify the Transaction When they 
are committed. Transactions also provide a Way for the Trans 
action Manager 260 to ?nd their parent Transaction. Trans 
actions may also be rolled back, Which abandons any changes 
made during the transaction. A Transaction is considered to 
be “active” until it is committed or rolled back. When the 
transaction has been committed or rolled back, the transaction 
is “inactive.” It is an error to attempt to commit or roll back an 
inactive transaction. 

Turning noW to FIG. 3, additional system components 300 
that can be employed With meta-model objects are illustrated 
in accordance With an aspect of the present invention. These 
components can include elements 310, events 320, domains 
330, and/or model schema 340. The Element 310 is an 
instance of a meta-class stored in a model. Element 310 can 
also be super-class of all model classes. Elements 310 provide 
a mechanism for the classes derived from Element to access 
their attribute data. Attribute data is generally exposed to 
clients of Element objects as CLR properties (or other type). 
Elements 310 are generally identi?ed by a GUID. This iden 
ti?er is typically exposed publicly so that certain operations, 
such as navigating relationships, can be performed. Elements 
may also be removed from the model. 
The Events 320 are raised to keep various objects up-to 

date With changes in the state of the system. For example, 
object-added events are raised to notify interested listeners 
When objects are added. The events 320 generally contain tWo 
(or more) other obj ectsithe object raising the event and the 
event arguments. Composition of the event arguments varies 
With the type of the event, but is intended to be enough 
information to meaningfully respond to the event. For 
example, the event arguments for an obj ect-added event con 
tain a reference to the object that Was added. 

Events 320 can be raised at several levels. Store level 
events supply noti?cations of events that occur in a solution. 
Substore level events supply noti?cations for events that 
occur Within a particular meta-model. Meta-class events pro 
vide noti?cations for instances of that meta-class or derived 
meta-class. Element events provide information on changes 
to an individual object. 

Generally, there are tWo broad categories of eventsi 
Transactional and Atomic. Transactional events are events 
associated With a series of actions, generally caused by the 
operation of a database transaction. Atomic events are events 
for a single action. Transactional events have both “before” 
and “after” variants. Before-events are largely used to alloW 
listeners to pre-empt an action by throWing an exception. 
After-events are mostly used to alloW listeners to respond to a 
change. Transactional events include the folloWing types: 

Transaction Beginning (before) 
Transaction Begun (after) 
Transaction Committing (before) 
Transaction Committed (after) 
Transaction Rolling Back (before) 




































